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A brutal reality. Children in the Nawabad refugee camp in Afghanistan sit on a piece of abandoned military
hardware. All across Afghanistan the detritus of war has become a plaything for generations of children.W
ar is as old as humanity,
but the study of its
environmental health
effects is just beginning.
Age-old problems still
follow war—lack of food, shelter, water,
and sanitation, risk of infectious diseases,
and psychological trauma. But war today,
in all its modern permutations, can also
saddle populations with new threats from
industrial and military chemicals, pesti-
cides, and radiation.
Modern conflicts show a fundamental
departure from the form of earlier wars.
The Nobel Foundation report Wars in the
20th Century and Nobel Peace Prize
Statistics states, “From 1900 to 1910, wars
of all categories were represented rather
evenly, whereas from 1990 to 2000 most
were civil wars.” Between 1945 and 1975
many former European colonies waged
wars of independence in Latin America,
Africa, and Asia. “Today there are few
interstate wars with clearly defined parties,
but civil wars have become increasingly
internationalised,” states the report. “Few
internal wars today take place without the
intervention of foreign states.” 
The post–Cold War world is split by
development inequities, competition for
control of natural resources, and seemingly
intractable ethnic and religious divisions.
Today, more than ever, conflict is a tangled
interplay of social, political, and economic
factors. In a speech delivered to the United
Nations on 5 October 2004 titled “Devel-
opment and Conflict,” Paul Collier of the
Center for the Study of African Economies
at Oxford University noted that the more
dependent a country is on the export of
natural resources, the more vulnerable it
is to civil war, and that doubling the per
capita income halves the risk of conflict.
[For more on the connection between
conflict and natural resources, see “Global
Resources: Abuse, Scarcity, and Insecurity,”
EHP 112:A168–A175 (2004)]. 
Wars are costly, too. Civil war in a
poor country lasts an average of 10 years
and costs $50 billion. More than half this
cost is borne by neighboring countries,
which often see influxes of fleeing refugees
and combatants, Collier said. 
Perhaps the most important change in
warfare, from the perspective of the envi-
ronment, is the fact that wars are no longer
limited to a designated field and clearly
identifiable combatants. Instead, they may
rage in urban streets and village squares, on
cultivated land, or along highways, and the
fighters may emerge from and blend into
the civilian population. Because conflicts
are no longer cordoned off in specified
combat zones, but are now played out in
everyday human environments, the envi-
ronmental health consequences of war
increase exponentially.
The Effects of Destabilization
The invasion of modern warfare into urban
areas means millions of people can be rapid-
ly displaced. Some of these people become
refugees in other countries, but many others
stay in-country as so-called internally dis-
placed persons (IDPs). Globally, the move-
ment of refugees and IDPs is a fluid, indeed
tidal phenomenon. The country of origin for
the largest number of refugees is Afghan-
istan, with about 2.1 million people having
fled by the end of 2003, according to the
UN High Commissioner for Refugees report
2003 Global Refugee Trends. Most Afghan
refugees go to neighboring Pakistan (which
hosts about 12% of all refugees under the
protection of the UN High Commissioner
for Refugees) and Iran. 
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Not yet out of the woods. Ethnic Albanian families leave the woods below Gajre to head to
a safer location. They hid in the woods for three days while Serbian forces shelled their villages.Environmental Health Perspectives • VOLUME 112 | NUMBER 17 | December 2004 A 997
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Despite the seemingly constant number
of conflicts around the world and the many
populations of refugees and IDPs, the 2003
Global Refugee Trends report noted a drop
of just over 3 million in such populations
from 2002 to 2003. An “almost unprece-
dented level of voluntary repatriation” was
observed in 2002 and 2003, with 3.5 mil-
lion refugees going home. The number of
IDPs has also decreased in some regions,
including Bosnia and Herzegovina,
Angola, The Former Yugoslav Republic of
Macedonia, and the Democratic Republic
of the Congo.
But the report also noted significant
increases in refugees moving from Sudan to
Chad and from Liberia to Cote d’Ivoire,
Guinea, Sierra Leone,
and Ghana. And a total
of at least 1 million
IDPs remain in Azer-
baijan, Georgia, the
Russian Federation, and
Serbia and Montenegro.
Colombia and Liberia
each saw more than
250,000 more IDPs in
2003.
By far the greatest
danger to the greatest
number of people in con-
flict areas and those flee-
ing violence is the lack of
life’s most basic necessi-
ties: potable water, food,
shelter, and sanitation
facilities. Crowded quar-
ters make infectious dis-
ease outbreaks inevita-
ble. Stressed by trauma
and malnutrition, and
without adequate med-
ical care, refugees cannot
fight off cholera, typhus,
hepatitis, scabies, and
numerous other conta-
gious ailments.
Carol Smedberg, an
emergency medical tech-
nician who volunteers
with the Portland, Oregon–based North-
west Medical Teams, visited Liberian IDP
camps in September 2004. “The main
problem is the water,” Smedberg says.
“Normally we tell people to drink more
water, but there the water is the cause [of
most of the health problems].” People have
only charcoal briquettes for fuel, Smedberg
says, and it is almost impossible to boil their
drinking water, which is taken out of a
stream that is also used as a toilet. Chicken
pox breaks out about every two weeks as
new people arrive in the camps, according
to Smedberg.
Relatively developed countries are at
just as much risk of war-related environ-
mental health problems as the developing
world. According to the GEO Year Book
2003 published by the UN Environment
Programme (UNEP), unreliable electricity
supplies in Iraq have caused sewage treat-
ment equipment to stop working, sending
raw sewage and industrial waste directly
into the Tigris River, Baghdad’s only source
of water, as well as other bodies of water.
On 25 September 2004 The New York
Times reported that water and sewerage
failures had contributed to an outbreak of
at least 200 hepatitis E cases and 5 deaths.
Like other forms of the disease, hepatitis E
causes fever, jaundice, fatigue, nausea, and
vomiting; it is especially threatening to
pregnant women and fetuses. 
Iraq’s problems don’t end there. In a
Lancet paper published online on 29
October 2004, Les Roberts of the Johns
Hopkins Center for International Emer-
gency Disaster and Refugee Studies report-
ed that the risk of death had more than
doubled after the 2003 U.S. invasion. The
major post-invasion cause of death was vio-
lence, which was widespread and attributed
mainly to coalition air strikes. Excess deaths
were estimated to be at least 100,000, with
most victims being women and children.
And a national assessment conducted by
the new Iraqi government’s health ministry
reported 5,460 cases of typhoid in the first
three months of 2004, according to a 13
October 2004 article published in Nature
online. The Iraqi report also said mumps,
measles, and other infectious diseases were
ravaging the country’s children, one-third
of whom are chronically malnourished. In
fact, the report said, Iraq’s once relatively
robust overall state of health is now compa-
rable to that of Yemen and Afghanistan,
where citizens face very high infant mortal-
ity and little access to clean water and sani-
tation services.
It can be difficult, sometimes impossi-
ble, to deliver aid to conflict-ridden regions.
In an April 2004 country brief on Sudan,
officials with the UN World Food Program
(WFP) estimated that food assistance was
necessary for 1.18 million Sudanese who
were chronically malnourished due to
drought, floods, and war. Aid was begun but
suspended in mid-October after two Save
the Children aid workers were killed by a
landmine, and the WFP decided the securi-
ty situation was too unstable to put its aid
workers at further risk.
Many of these same problems exist in
the Chechnya conflict. By 2003 about
260,000 Chechens had set up camps in
Focus | Battle Scars
True environmental exposure. A refugee family in Sar-e-Pol, Afghanistan, huddles together against the cold in a
makeshift shelter. Médecins Sans Frontières estimates there are 3,500 families living in tents made of nothing but cloth
and plastic, in dire need of water and sanitation.the adjacent Republic of Ingushetia in
farm fields and factory grounds, living in
leaky tents with inadequate protection
from the cold. Tuberculosis was common. 
The New York City–based Inter-
national Rescue Committee (IRC) has set
up or repaired 66 potable water supply
points, collected garbage, and serviced
latrines in Ingushetia, but Ingush authori-
ties have restricted the amount and type of
aid humanitarian groups could provide to
refugees in Ingushetia. For example,
according to a June 2003 press release by
the international medical aid agency
Médecins Sans Frontières (MSF), Ingush
authorities had just that month suddenly
declared an MSF temporary shelter project
illegal and barred Chechen refugees from
moving in. 
Despite this pressure, most Chechen
refugees are loath to return to Chechnya,
where conditions are very dangerous,
housing is almost nonexistent, and servic-
es have broken down. To help ease the sit-
uation in Chechnya, the IRC has for the
last three years been trucking water to
20,000 Chechens in Grozny. And as of
2003 the organization had built 35 water
reservoirs to be hooked up to the city’s
water mains. The IRC also builds and
maintains latrines in Grozny, conducts
pest control activities, and resurrects
homes, including making repairs to elec-
trical and gas lines. 
Weapons of War I: Landmines
Landmines have been in widespread mili-
tary use since World War II, and the UN
estimates there are 60–80 million laid
around the world, many in places where
conflict has long since ceased. Such land-
mines can destroy lives and societies for
generations. According to the Landmine
Monitor Report 2003, a publication of the
International Campaign to Ban Landmines
(ICBL), there are an estimated 200–215
million landmines currently stockpiled by
78 countries. All but about 10 million of
those landmines are in nations that are not
parties to the Mine Ban Treaty, an interna-
tional convention that requires signatories
to destroy their stockpiles within 4 years
and clear all laid landmines within 10
years. Among these nonsignatories are
China (home to an estimated 110 million
landmines), Russia (with 50 million), the
United States (with 10.4 million), and
Pakistan (with 6 million). The Landmine
Monitor Report 2003 also states that mines
cause 15,000–20,000 new deaths and
injuries per year (most victims are male
civilians). Landmine conditions are dire
and worsening in several countries, such as
Chechnya and Nepal. 
In more than 80
countries landmines
make land unusable
and impede the post-
conflict return to func-
tioning economies and
social life. Children
who have lost limbs
generally need a new
prosthesis every year to
keep up with their
growth. Survivors can
have great difficulty
working, particularly
in rural and agricultur-
al communities. And
strained medical sys-
tems are easily over-
whelmed by victims’
need for continuing
care.
In Thailand, an area
of about 2,557 square
miles is contaminated
with landmines, affect-
ing half a million peo-
ple, according to a
Kingdom of Thailand
Landmine Impact Sur-
vey completed in 2001.
The densest concen-
tration of landmines
lies along the border with Cambodia.
Most are distributed in hilly forest areas,
preventing traditional uses of the forest,
such as food- and wood-gathering, and
making decommissioning very difficult.
But ICBL coordinator Liz Bernstein
says the general trend is toward a lessening
of the scale of devastation, thanks to the
Mine Ban Treaty and other ban move-
ments. The treaty has been ratified by 143
countries. More than half the countries
where landmines are deployed are at
peace, enabling decommissioning to
begin. Bernstein says, “When we began
[working on the treaty] there were 54
countries producing landmines; today
there are about a dozen. Now there’s virtu-
ally no trade in landmines. The only gov-
ernments we found last year actively using
them on a daily basis were Russia in
Chechnya and Burma/Myanmar, where
there is a civil war.” 
Weapons of War II: Depleted
Uranium
Probably the most inflammatory war-
related environmental health issue is that
of depleted uranium (DU), which is the
remnant of uranium left after U-235 (the
isotope used in nuclear power generation
and bomb production) is largely removed.
Because of its high density, DU is used
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Sea of refugees. During the 1999 war, ethnic Albanian inhabitants of Pris ˘tina waited in a field near the Macedonian
border at Blace after being forced from their city by Serbian forces.Environmental Health Perspectives • VOLUME 112 | NUMBER 17 | December 2004 A 999
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both in armor-piercing shells and in tank
armor itself. DU ignites upon impact,
sending a fine black powder of mixed sol-
uble and insoluble uranium oxides into
the air. The North Atlantic Treaty
Organisation (NATO) and the U.S. mili-
tary fired DU weapons during the 1991
Gulf War and against the Serbs in the
Balkan crises of 1994–1995 and 1999.
The United States also used DU in the
2003 Iraq war, and the British used small
amounts in the Iraq and Kuwait wars in
1991 and in 2003.
Uranium is everywhere in the environ-
ment, but generally at low concentrations.
Most human exposure is through inges-
tion via food and water. DU is about 60%
as radioactive as naturally occurring ura-
nium, and is chemically toxic as well. If
ingested, DU behaves very similarly to
ambient natural uranium, which the body
clears fairly rapidly through urine and
feces. However, the insoluble oxides of
DU can become lodged in the body by
inhalation or as shrapnel fragments. The
radioactivity and chemotoxicity of DU
may cause serious health effects in these
circumstances. Large doses by any route
of exposure can cause kidney and gene
damage.
It is not clear how many people were
exposed in the Balkans or in Iraq, or how
much DU they were exposed to. Dan
Fahey, a Ph.D. candidate at the University
of California, Berkeley, and a DU policy
analyst, says, “We don’t have good data.
The Pentagon once said thousands of peo-
ple [in the Gulf War] might have been
unnecessarily exposed, and then back-
tracked to about nine hundred people.”
According to an Army spokeswoman who
spoke on condition of anonymity, no esti-
mate of DU exposures in the 2003 Iraq
war is available, but DU was used only
during the invasion phase when the Iraqis
were using tanks. Therefore, the U.S.
Army believes exposures to be few in num-
ber and low-level. 
Since the 1999 Kosovo war, allega-
tions have flown that DU causes cancers
such as Hodgkin lymphoma as well as
immune, neurological, and reproductive
damage. There is not a large body of
research on these links. But a number of
published in vitro and rodent studies by
Alexandra Miller and colleagues at the
Armed Forces Radiobiology Research
Institute in Bethesda, Maryland, (includ-
ing one published in the August 1998
issue of EHP) suggest that DU can change
human cells to a tumor-inducing pheno-
type and cause oxidative DNA damage. In
rodents DU was shown to migrate from
the implant site to bone, kidney, muscle,
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Babes and arms. (top) At Kibeho camp in Ngara, Tanzania, soldiers keep watch over some of
the 1,000 children orphaned in the 1994 massacre of 4,000 Hutus by the Tutsi army of Rwanda.
(bottom) Refugee children at the same camp must fetch drinking water from a muddy pond
contaminated with fuel. and liver tissue; to alter the
hippocampus; to cross the
placental barrier; and to enter
fetal tissue. Although DU is a
weak alpha emitter, the
bystander effect—in which
untargeted cells surrounding
an irradiated cell show dam-
age similar to that of the tar-
get cell—may also be part of
DU’s effects.
Nevertheless, the Army
maintains that veterans with
embedded DU shrapnel are
not at risk for adverse effects.
The Army spokeswoman says
the government is tracking 70
Gulf War veterans who still
carry DU shrapnel. “They have
no ill effects from the shrapnel
that came from DU rounds,”
she says. “Depleted uranium
has been studied probably
more than any other substance
used in warfare and has not
been demonstrated to have ill
effects. There have been thirty-
five children born to these vet-
erans, and none has a birth defect.” 
Because of the dearth of good epi-
demiological DU studies, Fahey says the
government’s highest priority should be to
track a large number of DU-exposed Gulf
War veterans. “If the latency period for
DU is ten to thirty years,” Fahey says,
“now is the time to be monitoring these
nine hundred people.”
Weapons of War III: Herbicides
Herbicides as a weapon first came on to the
radar during the Vietnam War, when some
19 million gallons of chemicals were sprayed
on Vietnam and Laos to strip away enemy
cover and destroy crops. The different herbi-
cide formulations, known collectively today
as Agent Orange, were contaminated with
2,3,7,8-tetrachlorodibenzo-p-dioxin,
a known human carcinogen.
Decades after spraying ended, a
quarter of this persistent toxi-
cant remains in the Vietnamese
environment, and the NIEHS
and the Vietnamese govern-
ment are working together to
fully characterize the health
effects of exposure to Agent
Orange. 
Today, herbicides play a
major role in the Colombian
drug war, another example of
the changed nature of modern
war. Several insurgent groups
have been battling the Col-
ombian government in a pro-
tracted and bloody civil war.
The war has provided narcotics
growers and processors uncon-
trolled zones in which they can
flourish; insurgents and nar-
cotics cartels have formed
alliances. According to the U.S.
embassy in Bogotá, most of the
cocaine and heroin on the U.S. market
comes from Colombia. To stop this flood,
the U.S. and Colombian governments have
jointly developed and implemented the Plan
Colombia eradication program. 
A major component of the plan is aerial
spraying of herbicide on coca and poppy
plants, which began in 2000. The main
ingredient is glyphosate, widely used as a
A 1000 VOLUME 112 | NUMBER 17 | December 2004 • Environmental Health Perspectives
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Innocent victims. (top) A child landmine victim in Kurdistan waits to be fitted with prostheses at a center for
disabled children. (bottom) Congenital birth defects among Iraqi children are believed to be connected to the use
of depleted uranium munitions by Allied forces during the first Gulf War.Environmental Health Perspectives • VOLUME 112 | NUMBER 17 | December 2004 A 1001
weed killer in several
formulations of Mon-
santo’s Roundup and
in other products, and
the most commonly
used commercial her-
bicide in the world.
According to the Na-
tional Pesticide Tele-
communications
Network, glyphosate
causes mild eye and
skin irritation and
digestive and respira-
tory irritation when
ingested, and has not
been shown to cause
reproductive damage
or cancer in humans
or wildlife. 
However, many
Colombian farmers
in sprayed areas re-
port significant skin
problems, headaches,
vomiting, miscar-
riages, and deaths of
small children—effects that they attribute
to the spraying. Residents of the sprayed
areas are not told when spraying will occur
for security reasons, so they cannot take any
steps to protect themselves, their families,
their crops, or their livestock. 
The Colombian government and the
U.S. embassy have a monitoring program in
place to investigate all complaints related to
spraying, from reports of planes spraying
legitimate crops to glyphosate causing health
problems. Half of the nearly 5,000 com-
plaints received to date have been rejected as
invalid, because it was determined that
spraying did not take place in the areas in
question on the dates claimed. Another
1,680 cases are under
review by the govern-
ment/embassy team.
Compensation for lost
crops has been paid in
12 cases and, ac-
cording to press officer
Paul Watzlavick of the
U.S. embassy, there
have been no cases
where it was deter-
mined that spraying
caused adverse health
effects in humans or
animals. 
There is some
controversy over re-
search being done on
effects of the spray-
ing. In 2001 Co-
lombian toxicologist
Camilo Uribe led an
embassy–funded
study of the spray
program’s health ef-
fects in the town of
Aponte, which con-
cluded that the observed health problems
in the village—mainly skin problems and
eye inflammation—were not related to the
spray program. In a critique of the study,
Rachel Massey, a fellow of the Institute for
Science and Interdisciplinary Studies in
Amherst, Massachusetts, noted that the
study did not follow normal epidemiolog-
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The barest of necessities. Chechen refugees in the Republic of Ingushetia collect water from a damaged well in Sputnik camp. There, some 8,000
people are living in 800 tents and an abandoned train.
Breaking the machinery of life. Major industrial sites frequently become prime targets for
enemy forces due to the widespread impact of their demolition. One such target was the power
station in Obilic, Kosovo, which now routinely fails, cutting off power to much of the country.ical protocols, such as indicating the total
number of patient records from which the
samples were drawn and how cases were
selected. Moreover, the Uribe report itself
noted that 7 of 10 nearby municipalities
reported increases in patients seeking help
for symptoms that their community doc-
tors thought might be related to the
spraying. One of these towns, San Pablo,
had 50 cases of dermatitis, conjunctivitis,
respiratory conditions, and digestive
problems after nearby spraying.
The U.S. government says the nar-
cotics cartels are responsible for more
environmental degradation and toxic
chemical exposures than the spraying pro-
gram is. Says Watzlavick, “The coca grow-
ers use tons of pesticides and herbicides
on their fields in addition to tons of other
chemicals to produce cocaine. These are
the chemicals that we see ending up in the
water systems.” Chemicals used in drug
processing include kerosene, sulfuric acid,
ammonia, acetone, and others, along with
the herbicides paraquat and 2,4-D.
Chemicals and waste products are often
dumped in water or left on the ground.
Activists don’t deny the likely drug-related
exposures, but believe Colombians are
suffering additive effects from both kinds
of exposures. 
Industrial Pollution: During
Conflict and After
In the first Gulf War in 1991, Iraqi soldiers
set more than 600 Kuwaiti oil wells afire.
Vast columns of black smoke billowed into
the sky for weeks. In an apparent attempt
to deter invading forces during this war,
Iraq built a 47-inch pipeline into western
Kuwait and criss-crossed
the area with trenches
into which oil was
pumped and set afire,
according to the Center
for Research and Studies
on Kuwait, a Kuwaiti
nongovernmental organ-
ization. Sabotage of
Iraq’s own oil production
facilities and pipelines
began with the onset of
war in 2003. Potentially
toxic components of oil
fires include polycyclic
aromatic hydrocarbons
(PAHs), metals, sulfur
dioxide, ozone, and lead.
Health effects from
inhaling these com-
ponents include cancer
(from PAHs), asthma
and airway inflamma-
tion (from ozone), burn-
ing of respiratory tissues and airway
obstruction (from sulfur dioxide), and
high blood pressure and kidney damage
(from lead).
A 2000 Department of Defense study
of Gulf War soldiers’ exposure to oil fires
concluded that “except for particulate
matter, air contaminants were below lev-
els established [by the U.S. Envi-
ronmental Protection Agency] to protect
the health of the general population” and
that no long-term damage was done,
although some veterans blamed the oil
fires for worsening their existing asthma
and bronchitis, as well as for skin rashes
and shortness of breath. According to the
report, the Iraq–Kuwait region normally
has some of the world’s highest levels of
suspended particulate matter in the air,
partly from the sandstorms common
there; 18% of Kuwaiti civilians have res-
piratory problems, about three times the
rate in the United States. Some of the sol-
diers’ symptoms might therefore have
resulted from the combination of chemi-
cal and particulate exposures. 
Urban and industrial areas present
other serious environmental health risks
in wartime. During the 1999 Kosovo war,
NATO and U.S. planes repeatedly
bombed several sites in Serbia, including
the industrial complex at Panc ˇevo, a town
A 1002 VOLUME 112 | NUMBER 17 | December 2004 • Environmental Health Perspectives
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Crop casualties. Many Colombian farmers believe their crops,
like these bananas, are being ruined by drift from herbicide spray-
ing of illegal poppy and coca crops. Many of the ruined crops
were planted at the urging of the government as alternatives to
the illegal plants. 
Sending the environment up in smoke? Oil fires set during the first Gulf War are alleged to
have caused respiratory effects in both soldiers and civilians.Environmental Health Perspectives • VOLUME 112 | NUMBER 17 | December 2004 A 1003
of 80,000 located a few miles northeast of
Belgrade. The Panc ˇevo complex includes
a fertilizer plant, a petrochemical factory,
and an oil refinery; wastewater from all
the facilities drains into the Danube River
through a canal. The joint UNEP/UN
Center for Human Settlements Balkan
Task Force issued a postwar environmen-
tal assessment concluding that although
the war had triggered major chemical
releases, the industrial sites were already
seriously polluted. 
The assessment team estimated that
about 2,314 tons of the solvent ethylene
dichloride and more than 88 tons of metallic
mercury leaked out of the petrochemical
plant during the war. Ethylene dichloride
is a known human carcinogen, according
to the National Toxicology Program,
while mercury causes neurological and
developmental damage. U.S. bombs
burned about 500 tons of vinyl chloride
monomer—also listed as a carcinogen by
the National Toxicology Program—releas-
ing dioxins, carbon monoxide, and poly-
cyclic aromatic hydrocarbons. Fearful of
further explosions, the fertilizer plant
managers released about 275 tons of liq-
uid ammonia into the canal. Though not
identified as a carcinogen, ammonia can
cause severe tissue burns and even blind-
ness when inhaled or ingested, according
to the Agency for Toxic Substances and
Disease Registry.
Little information is available on dis-
ease patterns near the complex, but locals
called a common ailment of site workers
“Panc ˇevo cancer.” Task force analysts
think the condition was actually angiosar-
coma of the liver resulting from high vinyl
chloride monomer exposure.
The Wages of War
As the character of modern war has
changed—becoming less of a “formal”
battle between clearly designated oppo-
nents in a specified area and turning more
to intermittent yet long-term conflicts
among insurgents, militias, and govern-
ment forces—civilians get caught in the
cross-fire more frequently. They turn into
refugees and IDPs, vulnerable not only to
physical violence, malnutrition, and dis-
ease, but to chemical and radioactive
exposures as well. Their living environ-
ments may remain contaminated with
industrial and military chemicals and
munitions emitting radionuclides long
after conflicts have ceased. 
Few military groups track civilian
casualties, and those who do generally
underestimate them. For example,
although the United States does not have
an official estimate of civilian casualties,
research suggests that the U.S. action in
Iraq has led directly to the deaths of an
estimated 100,000 Iraqis, mostly women
and children. Humanitarian aid systems
designed to help people after natural dis-
asters are not able to function properly in
combat environments. Thus, in severely
war-torn regions, help is often only spo-
radic as conditions permit, or is simply
not available.
There are some encouraging signs of
progress to be found in the record of the
world’s wars. One is the fact that land-
mines are falling into disuse. The Mine
Ban Treaty came about largely because
landmine activists, frustrated at the slow
pace of UN negotiations, held their own
summit in Canada, drafted a convention,
and began collecting signatures. The UN
has now adopted the convention, and
more countries continue to ratify the
treaty. Some 31 million stockpiled mines
have been destroyed since the campaign
began, and the number of countries pro-
ducing landmines has dropped from 54 to
12. Perhaps the landmine campaign may
serve as a model for mitigating other types
of war damage and trauma.
Valerie J. Brown
Focus | Battle Scars
Date Refugees/IDPs by the
Country Begun Description End of 2003
Afghanistan 1978 Fighting among Communist government,  2,136,000 refugees
mujahideen, Soviet Union, Taliban, and 
United States
Angola 1975 Marxist government versus ethnic rebels;  323,600 refugees
intervention by Cuba
Burundi 1991 Tutsi-led government versus Hutus 531,600 refugees; 
800,000 IDPs
Cambodia 1979 South Vietnamese versus Khmer Rouge 29,663 refugees
Colombia 1984 Government versus Marxist guerrillas, 32,793 refugees; 
other insurgents, and narcotics cartels 294,999 new IDPs
in 2003
Democratic 1997 Government versus remnants of Hutu 453,400 refugees
Republic of  militias from Rwanda; involvement of
the Congo Uganda, Namibia, Zimbabwe, and Angola
Eritrea/Ethiopia 1998 Conflict over border territory 162,196 refugees
Indonesia 1989 Government versus Aceh province  7,491 refugees
separatists
Iraq 1991,  U.S. invasions 368,400 refugees
2003
Israel 1948 Religious/ethnic/territorial conflict 800,000 refugees
Kosovo 1998 Serbian government versus ethnic 257,000 IDPs
separatist Albanians
Liberia 1990 Government versus rebel groups, then 353,300 refugees; 
fighting among rebel groups 227,000 new IDPs
in 2003
Myanmar 1983 Government versus Karens and other 138,108 refugees
ethnic minorities demanding autonomy
Russia 1994 Government versus Chechen separatists 800,000 refugees
Somalia 1982 Government versus rebel movement and 402,200 refugees
clan guerrillas
Sri Lanka 1983 Government versus Tamil Tiger separatists 103,368 refugees
Sudan 1983 Government versus rebels; Muslims versus 606,200 refugees; 
Christians; Janjaweed militias versus black 4,500,000 IDPs
Muslims
Uganda 1996 Government versus Lord’s Resistance Army 220,000 refugees
Note: Some conflicts have ceased, some are sporadic, and some are ongoing. Not all types of information are available for all conflicts. 
See sources for details. All numbers are approximate.
Sources: Conflict Map. Stockholm, Sweden: Nobelprize.org, The Official Web Site of the Nobel Foundation. Available:
http://nobelprize.org/peace/educational/conflictmap/about.html [accessed 10 November 2004]. IRC. 2003. Mortality in the Democratic
Republic of Congo: Results from a Nationwide Survey. New York, NY: International Rescue Committee. Marshall MG, Gurr TR. 2003. Peace
and Conflict 2003: A Global Survey of Armed Conflicts, Self-Determination Movements, and Democracy. College Park, MD: University of
Maryland, Integrated Network for Societal Conflict Research. UNHCR. 2004. 2003 Global Refugee Trends. Geneva, Switzerland: United
Nations High Commissioner for Refugees.
Selected Modern-Day ConflictsThe Price of
Preparing for War
Located a few miles from Anchorage, Alaska’s
Eagle River Flats is a coastal saltwater marsh
teeming with fish, wildlife—and unexploded
mortar and artillery shells. The marsh lies on
the Department of Defense’s (DOD) 62,000-
acre training facility at Fort Richardson,
headquarters to the Army’s Alaskan com-
mand and control units. Since World War II,
Eagle River Flats has been Fort Richardson’s
primary “ordnance impact zone,” where sol-
diers stationed at the fort come to train with
live munitions. 
Environmental assessments undertaken
at the Flats by the Army have revealed high
levels of contaminants including heavy met-
als, explosive compounds, and white phos-
phorus, a toxic agent used to generate smoke
cover on the battlefield. It was this contami-
nation with white phosphorus, which can
damage bones and major internal organs,
that in 1994 landed Eagle River Flats on the
Superfund National Priorities List, a U.S.
Environmental Protection Agency (EPA)
compilation of the nation’s most polluted
properties. Since then, the Army has been
conducting an EPA-approved effort to clean
up the white phosphorus. 
But in April 2002 the DOD was sued by
a citizens’ coalition urging the Army to ad-
dress remaining contamination problems at
the Flats. Among the plaintiffs were the
indigenous Chickaloon Indians, who
claimed the Army’s use of live munitions was
polluting traditional hunting and fishing
grounds. The suit also charged that unex-
ploded mortar rounds and artillery shells in
the area were leaching toxic chemicals that
were migrating to nearby Cook Inlet. The
plaintiffs’ attorney, Scott Allen of the San
Francisco, California–based law firm Cox
and Moyer, says the suit requested that the
Army remove some 10,000 unexploded mor-
tar rounds and artillery shells from the area
(the number estimated in the Army’s 1998
proposed Superfund cleanup plan), remedi-
ate toxic contamination, and abstain from
using the range for bombing exercises until a
Clean Water Act permit had been obtained
for munitions discharges. 
When confronted with the lawsuit, the
DOD took its case to Congress. There, it
argued that the laws on the books were not
intended to be applied to operational military
ranges in this way, citing long-standing past
state and federal regulatory interpretation and
practice. The DOD further argued that suits
like those brought at Eagle River Flats, if suc-
cessful, could set a legal precedent whereby
environmental litigants could halt military
training and thus undermine troop readiness
on the battlefield. 
Before the 2002 lawsuit even arose, the
DOD had proposed new legislation called the
Readiness and Range Preservation Initiative
(RRPI) to prevent just such lawsuits attempt-
ing to use hazardous waste laws to limit train-
ing. The RRPI calls for exemptions from a
number of environmental laws on more than
8,000 operational DOD training ranges, a
land area equal to roughly 24 million acres.
Under this proposed new legislation, muni-
tions would not be subject to hazardous waste
permitting or cleanup requirements as long as
they remain on operational ranges. 
Military Readiness and Pollution
Preparing for war is a heavily industrialized
mission that generates fuel spills, hazardous
waste, and air pollution. The DOD owns
more than 10% of the 1,240 sites currently
on the National Priorities List, and has esti-
mated the cost of cleaning up these sites at
approximately $9.7 billion. In addition to
lead and a variety of solvents, training facili-
ties release munitions
constituents including
perchlorate (a thyroid
toxicant), RDX (an ex-
plosive compound and
neurotoxicant), and TNT
(an explosive compound
linked to anemia and
altered liver function). 
Nearly 1 in 10
Americans live within
10 miles of a DOD
Superfund site—a some-
times perilous proximity.
The Massachusetts Mil-
itary Reservation, for
instance, a 34-square-
mile multi-use training
facility in Cape Cod, is
slowly leaching solvents,
jet fuel, RDX, and per-
chlorate into the area’s
sole aquifer, a drinking
water source for up to
500,000 people at the
height of tourist season. 
Military aircraft from
DOD facilities also generate noise and air
pollution. For instance, in 1996, the most
recent year for which data are available, more
than 50,000 military flights contributed to
the heavy air traffic over Washington, D.C.
According to the Democratic Committee on
Energy and Commerce, these flights emitted
75 tons of nitrogen oxides and volatile organ-
ic compounds, which generate smog. In
1999, the Sierra Army Depot, located 55
miles northeast of Reno, was California’s lead-
ing air polluter, according to the EPA Toxics
Release Inventory. The base released some 5.4
million pounds of toxic chemicals that year,
including aluminum, copper, and zinc fumes.
As of this publication, Congress has
approved legislation requested by the DOD
amending the Migratory Bird Protection Act,
portions of the Endangered Species Act, and
the Marine Mammal Protection Act. Now, the
DOD is seeking changes through the RRPI to
certain hazardous waste laws—specifically, the
Comprehensive Environmental Response,
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Catching flak? The Department of Defense has come under fire for trying to exempt a number of its facilities from 
environment-protective laws in the name of maintaining optimal military preparedness.Environmental Health Perspectives • VOLUME 112 | NUMBER 17 | December 2004 A 1005
Compensation, and Liability Act (CER-
CLA), the Resource Conservation and
Recovery Act (RCRA), and the Clean Air
Act (CAA). The DOD acknowledges that
these laws have never been shown to have
interfered with specific military training,
but says it can’t afford to wait until training
is shut down before it acts. As evidence of
the need to act now, the DOD points to a
number of lawsuits and “close calls,” includ-
ing the case at Eagle River Flats and the
Navy’s 2002 temporary closure of its
Farallon de Medinilla live-fire training
range in the Pacific. That closure followed a
lawsuit filed by the Center for Biological
Diversity alleging that bombing at the range
was killing protected migratory birds. 
The DOD argues that even the threat of
interference by hazardous waste litigation jus-
tifies its aims. Joe Willging, an environmental
lawyer with the DOD General Counsel’s
office, says in reference to the Farallon de
Medinilla closure, “We don’t feel it’s wise to
wait for that kind of train wreck to see if we
are going to lose in litigation. . . . Our job is
to send soldiers, sailors, airmen, and
Marines into combat environments in the
absolute best-prepared way we can. You can’t
do that if you introduce artificialities into
training. We want to maintain the ability to
use those ranges in the optimum way based
on military readiness considerations, not on
other considerations.” 
Questions of Scope
Top environmental officials in nearly every
state oppose the RRPI, as do 39 state attor-
neys general. Their opposition is based on
the DOD’s historic environmental record
and growing reputation among state offi-
cials for routinely shirking its environmen-
tal responsibility. “The DOD has a consis-
tent track record in litigation going back
decades for trying to get out of its environ-
mental requirements,” says Daniel Miller,
Colorado’s assistant attorney general for
environment. (DOD officials claim, howev-
er, that the department’s current compli-
ance with environmental requirements is
comparable to that of private industry in
almost all environmental programs.) 
The main goal of the RRPI is to ensure
that both munitions and their constituents
are exempt from CERCLA and RCRA haz-
ardous waste classifications as long as they
remain on operational ranges. Once the
range closes or if the munitions or their
constituents migrate offsite or pose an
“imminent and substantial danger” to
human health or agriculture, then CER-
CLA and RCRA authority would come into
force. At that point, according to the DOD,
the relevant environmental agencies would
assume jurisdictional authority and impose
monitoring requirements and cleanup
orders to address the offsite migration at the
contamination’s source. 
Finally, the RRPI seeks a three-year
extension in the DOD’s obligation to
demonstrate compliance with state plans to
meet CAA standards for ozone, carbon
monoxide, and particulate matter. The
DOD claims the extension would provide
flexibility in its decisions about where to
field and base new weapons and aircraft,
noting that military emissions typically are
less than 0.5% of state emission quotas. 
However, state attorneys general dis-
agree with the DOD’s reading, and have
expressed concern that the RRPI would
effectively mean states could not require the
DOD to take any action to address muni-
tions-related contamination on a range—
even if that contamination were to migrate
offsite and contaminate drinking water sup-
plies—unless regulators could prove immi-
nent and substantial endangerment from
the contamination. Further, says Steve
Taylor, a national organizer with the
Military Toxics Project, an environmental
group based in Lewiston, Maine, without
their normal authority to order sampling
when warranted either offsite or at the
source of contamination, regulators cannot
possibly demonstrate the imminent and
substantial endangerment required to
invoke their emergency powers. 
Thus, critics argue, the DOD assumes
exclusive control over its facilities, assuming
an inappropriate level of oversight given the
department’s history with environmental
compliance. The problem with this
approach, Taylor emphasizes, is that muni-
tions contamination that spreads offsite is
likely to be harder and more expensive to
clean up.
DOD officials contend that because
neither the EPA nor any states have ever
attempted to use these laws to regulate mil-
itary training on operational ranges, the
exemptions merely codify what are already
standard practices. (State and EPA officials
disagree with this point, arguing that the
amendments actually reverse existing policy
under which military munitions may
become solid waste after they have been
used.) Meanwhile, the DOD adds that it is
engaged in a broad voluntary effort to gauge
the potential for munitions constituents to
migrate from any of its facilities, and that it
intends to share the results of this effort
with regulators and the public. “The reason
DOD is undertaking these assessments is
because we realize that our ranges must be
operated in a sustainable way,” Willging
says. “If they are not, and [migrating con-
tamination] endangers public health, the
proposed RRPI provisions will not apply.
Therefore, it’s in our best interests to know
the condition of our ranges and to respond
when contamination threatens to spread.” 
Opponents argue that the DOD’s pro-
posals would actually affect both active and
closed ranges. “We’ve identified over a
dozen DOD operational ranges on the
National Priorities List,” says an EPA offi-
cial speaking off the record. “One could
argue that absent an ‘imminent and sub-
stantial danger’ finding, EPA would have no
jurisdiction under CERCLA to force those
cleanups.”
A broad range of critics—including the
National Association of Attorneys General
and all major environmental organiza-
tions—also oppose the proposed CAA
extension, arguing that it would extend
public exposure to harmful air quality.
Moreover, according to a 2004 fact sheet on
DOD CAA provisions prepared by staff of
the House Committee on Energy and
Commerce, there is no evidence to suggest
the CAA has ever adversely affected military
readiness. 
Culture War?
In late October 2004, the DOD settled its
Eagle River Flats lawsuit. As part of the set-
tlement, the agency agreed to a number of
key provisions, including—among others—
that it obtain a Clean Water Act permit for
munitions discharges at the Flats, monitor
water quality in the area, promptly clean up
munitions that fall outside the immediate
impact area, and work with outside experts
to study the environmental impacts of
bombing.
But the DOD is still committed to its
RRPI goals, which it maintains are neces-
sary in order to sustain military readiness.
Why is the agency seeking environmental
exemptions in the face of such broadly
focused opposition? There is no easy
answer. Some stakeholders suggest a culture
war is at play, pointing out that the DOD
has never taken kindly to environmental
oversight, believing its national security
mission elevates it beyond such concerns.
The EPA official says there are many in the
DOD itself who don’t support the RRPI’s
proposals: “They see it as being driven by
operational guys, farther up the chain of
command.” 
The DOD is currently considering its
legislative package for fiscal year 2006.
Whether the RRPI will be a part of that
package is still being considered in the
Pentagon. The next opportunity for DOD
officials to present the proposal is likely to
emerge when the Congress turns to its next
appropriations bill.
Charles W. Schmidt
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